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1. Introduction
Currently the following are agreed for RRC connection re-establishment procedure [1][2].

· UE mobility is allowed only after T310 expiry

· The UE shall read up to SIB2 before starting the access procedure in the target cell

· Two-step RRC signalling is used in the target cell to resume DRB(s)
 In this document we try to look at the whole procedure from the view point of service disruption time and procedure delay. Finally we propose a possible signalling enhancement to reduce the latency.
2. Discussion
2.1. RRC Connection Re-establishment procedure
The following figure shows the RRC connection re-establishment procedure. It was assumed that the service interruption time is the duration from the radio problem detection to the first DRB scheduling in the target cell. While the associated each Layer 2 related delay (i.e. scheduling delay, RACH delay) ranges from a few milliseconds to ten milliseconds, the most significant delay components seem to be the following.

1. Time before the UE mobility is allowed:


T310
2. System information reading in the target cell:

Tsi

3. Processing delay in the UE and the eNB:


Tue_proc, Tenb_proc (not shown in the figure)
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Figure-1: RRC Connection Re-establishment procedure
We believe that T310 will be configurable and an aggressive use of the timer value can reduce the service interruption time. The processing time in the UE and the eNB mostly comes from the fact that the procedure itself is based on “two-step” RRC signalling and therefore further delay reduction can only be possible by the reduction of the procedure steps.
Tsi (system information reading in the target cell) depends on the scheduling of the System Information Block 2. If we assume one level infrequent scheduling compared to SI-1 periodicity, the periodicity of SIB2 (most likely in SI-2) will be 160 msec. Combined with MIB and SI-1 acquisitions, the system information reading adds significant delay in the procedure (i.e. around 300 msec).
The reading of SIB2 can be avoided by providing the necessary parameters for neighbouring cells already in the serving (source) cell. In the following section we will try to do a preliminary analysis for this solution.

2.2. Avoiding SIB2 reading in the target cell

As discussed in the previous section, Tsi can be reduced by eliminating the need of SIB2 reading in the target cell before the access. One possible solution would be to make the UE aware of relevant parameters for the target cell access while in the source cell. Already in the handover command, the “MobilityControlInformation” is included in order to provide those parameters to the UE so that it can start random access procedure without reading the system information of the target cell.

It is important that we asses whether it is realistic to signal those parameters per cell basis in the source cell.

MobilityControlInformation ::=

SEQUENCE {


targetCellIdentity




PhysicalCellIdentity,


eutra-CarrierFreq




EUTRA-CarrierFreq




OPTIONAL,
-- Need OC


eutra-CarrierBandwidth


EUTRA-CarrierBandwitdh



OPTIONAL,
-- Need OC


additionalSpectrumEmission

INTEGER (0..31)





OPTIONAL,
-- Need OC


semiStaticCommonChConfig


SemiStaticCommonChConfig



OPTIONAL,


dedicatedRandomAccessParams

DedicatedRandomAccessParams


OPTIONAL
-- Need FFS
}

Among those IEs included, the “semiStaticCommonChConfig” will be the main part in question. In case of RRC connection re-establishment procedure the UE has to obtain the same information from SIB2 broadcast by the target cell.
SemiStaticCommonChConfig ::=

SEQUENCE {


genericRandomAccessParams


GenericRandomAccessParams,


numberOfTransmitAntennas


ENUMERATED {n1, n2, n4}












OPTIONAL,




-- Need OC, 2-bit field FFS

phich-Configuration



PHICH-Configuration

OPTIONAL,
-- Need OC


referenceSignalPower



INTEGER (0),



  -- need, encoding FFS

prach-Configuration




PRACH-Configuration
}
Among those parameters in the “SemiStaticCommonChConfig” above,  the “genericRandomAccessParams” and “prach-Configuration” are the main parts.
GenericRandomAccessParams ::=

SEQUENCE {


preambleInformation




SEQUENCE {



numberOfRA-Preambles



INTEGER (1..64)
DEFAULT 1,
-- default FFS


sizeOfRA-PreamblesGroupA


INTEGER (0)

DEFAULT 0
 -- range, default FFS

},


powerRampingParameters



SEQUENCE {



powerRampingSetup




INTEGER (0)

DEFAULT 0

-- range, default FFS

}
}
PRACH-Configuration ::=



SEQUENCE {


rootSequenceIndex




INTEGER (0..1023),




-- 10-bit field FFS

prach-ConfigInfo




PRACH-ConfigInfo




OPTIONAL
-- Need OC

}

PRACH-ConfigInfo ::=



SEQUENCE {


prach-Configuration




ENUMERATED {ffs},



-- 6-bit field FFS

highSpeedFlag





ENUMERATED {ffs},




-- 1-bit field FFS

zeroCorrelationZoneConfig


ENUMERATED {ffs}




-- 4-bit field FFS
}

From the above analysis, it seems that around 30 – 40 bits need to be signalled for one candidate cell. The signalling is only needed in problem areas where radio link failure is expected to happen. Assuming the case that the serving cell is to signal those parameters for 10 neighbouring cells, 300 – 400 bit information needs to be signalled to the UE in advance of an occurrence of RRC connection re-establishment procedure.
Signalling optimization can be considered for the case that the serving cell and neighbouring cells use the same parameters, in which case exhaustive parameter set does not have to be signalled, and a set of flag bits or default values can be used instead to indicated “same as the serving cell”.
Either system information or dedicated signalling can be used to signal the information to the UE. Probably the “measurement configuration” is the best location to put the above information since it is possible to signal individual cell in the neighbour list.
MeasObjectEUTRA ::=




SEQUENCE {


eutra-CarrierInfo




SEQUENCE {},









-- FFS

offsetFreq






INTEGER (-15..15)


DEFAULT 0,
-- value range FFS

-- Neighbour cell list



cellsToRemoveList




NeighCellsToRemoveList

OPTIONAL,
-- Need OP



cellsToAddModifyList



NeighCellsToAddModifyList

OPTIONAL,
-- Need OP


-- Black list



blackListedCellsToRemoveList

BlackListedCellsToRemoveList
OPTIONAL,
-- Need OP



blackListedCellsToAddModifyList
BlackListedCellsToAddModifyList
OPTIONAL
-- Need OP

}
NeighCellsToAddModifyList ::=

SEQUENCE (SIZE (1..maxCellMeas)) OF SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),

physicalCellIdentity



PhysicalCellIdentity,


cellIndividualOffset



INTEGER (-15..15)





-- value range FFS
}

Proposal 1:
To add an optional IE related to the common channel configuration in the neighbouring cell list in the E-UTRA measurement object. 
Proposal 2:
The UE is not required to read SIB2 in the target cell if necessary information has been provided in the source cell.

3. Conclusion
In this document we have shown that the currently considered RRC connection re-establishment procedure has a poor performance in terms of the service interruption time and leads to a significant degradation for user experiences in problem areas where radio link failure is expected to happen.

The protocol should allow the network operation to provision the common channel configuration for the neighbouring cells so that an aggresive use of RRC connection re-establishment procedure in problem areas will make sense.
It is proposed that RAN2 discuss the issue and agree on the proposals below. We are happy to prepare a CR once the proposals are agreed.
Proposal 1:
To add an optional IE related to the common channel configuration in the neighbouring cell list in the E-UTRA measurement object. 
Proposal 2:
The UE is not required to read SIB2 in the target cell if necessary information has been provided in the source cell.
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